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MEASURING INTERFERENCE IN RADIO 
NETWORKS 

TECHNICAL FIELD 

This disclosure relates to the measurement of radio fre 
quency interference in Wireless communication systems. 

BACKGROUND 

Cellular Wireless communications systems are designed to 
serve many mobile stations distributed in a large geographic 
area by dividing the area into cells. At the center of each cell, 
a radio node is located to serve access terminals (e.g., cellular 
telephones) located in the cell. Each cell is often further 
divided into sectors by using multiple sectoriZed antennas 
(the term “sector” is used both conventionally and in this 
document, hoWever, even When there is only one sector per 
cell). In each cell, a radio node serves one or more sectors and 
communicates With multiple mobile stations in its cell. A 
radio node can generally support a certain amount of tra?ic in 
each sector for a particular bandWidth and it is often desirable 
to monitor the level of traf?c in a sector in order to ensure that 
the sector is not becoming overloaded. 

SUMMARY 

In one aspect, the invention features a device for determin 
ing a rise-over thermal value for a receiver that receives data 
tra?ic from sources in a sector of a cellular netWork (e.g., a 
lxEV-DO network) based on a relationship of signal poWer in 
the receiver When the receiver is receiving energy from an 
antenna (e.g., When the receiver is receiving normal data 
tra?ic or is receiving interference poWer When data tra?ic is 
quiet in the sector) and signal poWer in the receiver When the 
receiver is not receiving energy from the antenna (e.g., When 
the receiver is de-coupled from the antenna). 

In another aspect, the invention features a method that 
includes determining a ?rst measurement of signal poWer in a 
radio receiver con?gured to receive data traf?c in a sector of 
a radio access netWork When the radio receiver is receiving 
energy from an antenna that is receiving the data traf?c and 
determining a second measurement of signal poWer in the 
radio receiver When the radio receiver is not receiving energy 
from the antenna. Load in the sector is then determined based 
on the ?rst and second measurements. 

Embodiments include one or more of the folloWing fea 
tures. The ?rst and/or second measurements of signal poWer 
in the radio receiver may be a measurement of signal poWer 
output by the radio receiver, signal poWer at the input of the 
radio receiver, or signal poWer at some other point Within the 
receiver. The ?rst and/ or second measurements of signal 
poWer may be an average of signal poWer in the receiver over 
time. 

Sector load may be determined based on comparing the 
?rst and second measurements, such as by taking the ratio of 
the ?rst measurement to the second measurement. 

To prevent the receiver from receiving energy from the 
antenna (e.g., to take the second measurement), the antenna 
may be de-coupled from the remainder of the radio receiver 
using a sWitch. The sWitch may be used to couple a resistive 
load having an impedance approximately equal to that of the 
antenna to the remainder of the receiver When the second 
measurement is obtained. 

The method may also include controlling transmission 
(e. g., a transmit rate and/orpoWer) of data by access terminals 
in the sector based on the determined load in the sector. 
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2 
The method may also including causing access terminals 

Within the sector to cease transmission for a time period. The 
second measurement of signal poWer can occur When the 
radio receiver is not receiving energy from the antenna and 
When the access terminals Within the sector have ceased trans 
mission. In addition, a third measurement of signal poWer in 
the radio receiver may be obtained When the radio receiver is 
receiving energy from the antenna and When the access ter 
minals Within the sector have ceased transmission. A level of 
interference Within the sector may then be determined based 
on at least the second and third measurements, and a level of 
signal poWer from access terminals in the sector may be 
determined based on at least the ?rst and third measurements. 

In some implementations, the receiver may include vari 
able gain circuitry for dynamically adjusting a gain of the 
receiver and the method may include maintaining a gain of the 
variable gain circuitry approximately constant during a time 
When the second measurement is determined. For example, a 
sWitch may be controlled to keep a time period during Which 
the antenna is de-coupled from the receiver at less than a 
response time of the variable gain circuitry. Alternatively, a 
gain from the variable gain circuitry may be stored and main 
tained during a period When the second measurement is 
obtained. The method may also include deriving the ?rst 
measurement from a measurement of signal poWer output at 
the receiver and a measurement of a gain of the receiver. 

In another aspect, the invention features a method of moni 
toring load in a sector of a radio access netWork comprising a 
radio node having multiple receivers for receiving data tra?ic 
in a sector that includes de-coupling the ?rst receiver from an 
antenna con?gured to receive data traf?c and maintaining at 
least one other receiver coupled to an antenna While the ?rst 
receiver is de-coupled from its antenna. A measurement of 
signal poWer in the ?rst receiver may be determined When the 
?rst receiver is de-coupled from its antenna. 
Embodiments may include one or more of the folloWing 

features. The method may also include ensuring that only one 
receiver is de-coupled from its antenna at any one time. It may 
also include determining a measurement of signal poWer in a 
receiver (e. g., the ?rst receiver or a different receiver) When 
the receiver is coupled to an antenna. Load in the sector may 
be determined based on a measurement of signal poWer When 
the ?rst receiver is de-coupled from the antenna and a mea 
surement of signal poWer When a receiver is coupled to an 
antenna. The measurements of signal poWer may be taken at 
the output of the receiver, the input of the receiver, or at some 
other point in the receiver. The measurements may also re?ect 
an average of signal poWer received over a particular time 
period. 
The method may also include controlling a sWitch to de 

couple the ?rst receiver comprises coupling the ?rst receiver 
to a load having an impedance approximately equal to that of 
the antenna. 

In some implementations, the ?rst receiver includes vari 
able gain circuitry for dynamically adjusting a gain of the ?rst 
receiver, and the method may include controlling the sWitch 
to keep a time period during Which the antenna is de-coupled 
from the ?rst receiver at less than a response time of the 
variable gain circuitry. Alternatively, the method may include 
storing and maintaining a gain of the variable gain circuitry 
approximately constant during a time When the measurement 
is determined. 

In another aspect, the invention features an apparatus that 
includes a radio receiver for receiving data traf?c from 
sources in a sector of a cellular netWork, a sWitch for selec 
tively coupling and de-coupling an antenna of the receiver 
from the remainder of the radio receiver, and a rise-over 
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thermal measurement module. The rise-over-thermal mea 
surement module may be con?gured to control the switch to 
determine a rise-over-thermal value for the receiver based on 
a ratio of signal power in the receiver when the switch is 
coupled to the antenna to signal power in the receiver when 
the switch is de-coupled from the antenna. 

Embodiments may include one or more of the following 
features. The apparatus may also include variable gain cir 
cuitry for dynamically adjusting a gain of the signal output by 
the receiver. The rise-over-thermal measurement module may 
be con?gured to control the switch such that the a time period 
during which the antenna is de-coupled from the ?rst receiver 
is less than a response time of the variable gain circuitry. 
Alternatively, the rise-over-thermal measurement module 
may be con?gured to maintain a gain of the variable gain 
circuitry approximately constant during a time when the mea 
surement is determined. 
The apparatus may also include additional radio receivers 

(e. g., diversity receivers) for receiving data tra?ic from 
sources in the sector of a cellular network. Each receiver may 
include a switch for coupling and de-coupling an antenna 
with the remainder of the receiver. The rise-over-thermal 
measurement module may be con?gured to maintain at least 
one receiver coupled to its antenna while any other receiver is 
de-coupled from its antenna. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram of a radio access network. 
FIG. 2 is a diagram of several sectors in a radio access 

network. 
FIG. 3 is a graph charting ROT versus time in a sector of a 

radio access network. 
FIG. 4A is a diagram ofa radio node. 
FIG. 4B is a graph charting Pout versus time. 
FIG. 5 is a diagram of a radio receiver. 
FIGS. 6A-6B are diagrams of automatic gain control cir 

cuits. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a radio access network (RAN) 20 uses 
the ?rst evolution data-only (1x EV-DO) protocol to transmit 
data packets between an access terminal (AT), such as laptop 
24 and personal data assistant (PDA) 26, and an external 
network such as the Internet 40. The lxEV-DO protocol has 
been standardized by the Telecommunication Industry As so 
ciation (TIA) as TIA/EIA/IS-856, “CDMA2000 High Rate 
Packet Data Air Interface Speci?cation”, 3GPP2 C.S0024-0, 
Version 4.0, Oct. 25, 2002, which is incorporated herein by 
reference. RevisionA to this speci?cation has been published 
as TIA/EIA/IS-856, “CDMA2000 High Rate Packet Data Air 
Interface Speci?cation”, 3GPP2 C.S0024-A, Version 1.0, 
March 2004, Ballot Resolution, but has yet not been adopted. 
Revision A is also incorporated herein by reference. 

The radio access network 20, which may cover a large 
service area, includes one or more Access Sub-Networks 

(ASN’s), e.g., ASN 22, each anchored by a Radio Network 
Controller (RNC) 34 communicating with several Radio 
Nodes (RN’s) 10, 12, 14 using a private or public IP backhaul 
network 32. Each RN may support multiple sectors, such as 
the three sectors shown in FIG. 1, with each sector covering a 
certain cell area around the RN. 
ASN 22 is connected over a public or private IP network 36 

to one or more Packet Data Serving Node’s (PDSN’s), e.g., 
PDSN 38. The PDSN, in turn, receives and transmits data 
packets (e.g., voice over IP packets) to a server 42 via the 
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4 
Internet 40. In some implementations, the functions of a 
PDSN and an RNC are combined into a single device. 

Each AT is in communication with a radio node, e.g., RN 
10, via an air link 28a, 28b. An air link comprises a forward 
link, which carries data transmitted from an RN to an AT, and 
a reverse link, which carries data transmitted from the AT to 
the RN. As an AT moves from one sector to another sector 

serviced by the same RN, it undergoes a “softer handoff" 
between the sectors. Similarly, when an AT moves from one 
sector to another sector serviced by different RNs, it under 
goes a “soft handoff" between the RNs. When anAT is in soft 
or softer handoff, it will have connections in multiple sectors. 
As shown in FIG. 2, a geographic area covered by radio 

access network 20 (shown in FIG. 1) is divided into multiple 
cells 1, 2, and 3, which are each further divided into three 
sectors A, B, and C. Each cell includes a radio node (RN) 10, 
12, 14 that communicates with access terminals (e.g., cellular 
telephones) (not shown) located within each RN’s cell. Each 
radio node uses a directional antenna (not shown) appropri 
ately positioned in each sector to send data to and receive data 
from ATs located in the sectors. 

In practice, a radio node will often include a main receiver 
plus one or more identical diversity receivers. The antennae of 
each receiver are spaced apart from each other by a distance of 
several (e.g., 10) wavelengths of the RF carrier (e.g., 0.153 
meters for 1900 MHZ Personal Communications Service 
(PCS) band). This spatial diversity mitigates against RF fad 
ing and multi-path effects incurred by destructively combin 
ing RF waves due to multiple RF receive paths between the 
AT and the RN caused by, e.g., terrain and obstacle re?ec 
tions. Generally, the more diversity receivers employed, the 
better the performance of the uplink signal reception. 
A radio node, such as RN 10 shown in FIGS. 1-2, can 

generally support a certain amount of data traf?c in each 
sector for a particular bandwidth. The amount of data tra?ic 
supported by a radio node in a sector is referred to as the pole 
capacity. However, pole capacity is a theoretical maximum 
that is limited by radio frequency (RF) interference present in 
the sector, which may be caused by multiple ATs transmitting 
in the sector, ATs from adjacent sectors, ATs from other 
networks, or other RF sources such as microwave ovens. 
Accordingly, network designers often design radio access 
networks to limit the data tra?ic in a sector to maintain usage 
of the sector at some percentage of pole capacity, e. g., 50% or 
75% of the pole capacity, which corresponds to some rise over 
the baseline thermal energy of a radio node’s receiver for a 
sector (referred to as “rise-over-thermal” or simply ROT). 
ROT is a time-varying function that may be represented as a 
dimensionless quantity by the following equation: 

where, S(t) is the total signal power received over time at the 
radio node from all ATs in the sector, I(t) is total signal power 
received over time at the radio node from interference sources 
(e.g., ATs in adjacent sectors, ATs from anther radio network, 
microwave ovens, etc.), and N(t) is the baseline noise power 
of the radio node’s receiver. 

To ensure that a sector does not become overloaded, a radio 
access network can monitor the rise in thermal noise (ROT) at 
the radio receiver for each sector. If the ROT reaches some 
threshold value indicating that the sector is becoming over 
loaded, the radio access network will command the access 
terminals in the sector to reduce or freeZe transmission power 
and/or transmission data rate. As the ROT falls below the 
threshold value, the network may authoriZe the ATs to 
increase power and/or transmission rate. 



US 7,831,257 B2 
5 

For example, as shown in FIG. 3, a radio access network 
monitors ROT of a RN’s radio receiver for a particular sector. 
If the ROT reaches a certain threshold A beloW the pole 
capacity of the sector (e.g., such as When the ROT reaches 
points A and B at times t1 and t2 respectively), the radio 
access network commands ATs Within the sector to reduce or 
freeZe their transmission poWer and/ or transmission data rate. 
As ROT falls beloW the threshold, the radio may permit ATs 
to increase their transmission poWer or rate. While a single 
threshold is illustrated in FIG. 3, in some implementations, a 
radio access netWork may be con?gured to have multiple 
thresholds Which each trigger an increasingly stringent poWer 
control algorithm. 

In a lxEV-DO-compliant netWork, the system can control 
transmission rate ofATs in a sector by setting (or clearing) the 
reverse activity (RA) bit in the reverse activity channel on the 
forWard link. Thus, for example, if the ROT value is at or 
above thresholdA shoWn in FIG. 3, then the radio node for the 
affected sector sets the RA bit. If the ROT value is beloW the 
threshold, the RA bit is cleared. When anAT receives data on 
an MAC channel With the RA bit set, the AT becomes aWare 
that the sector is over-loaded and executes a “coin-?ip” algo 
rithm to determine Whether to freeZe or reduce its transmit 
rate. If the coin-?ip has a ?rst outcome, the AT freezes its 
transmit rate, if the coin-?ip has a second outcome, the AT 
decreases its rate from its current rate to the next loWest rate 
de?ned by the lxEV-DO standard. By reducing the rate at 
Which ATs transmit on the reverse link, ATs transmit at less 
poWer and cause less interference in the sector, Which 
decreases the ATs usage of the sector’s capacity. 

Because ROT affects the AT’s data transmission rate (and 
thus also total sector throughput), it is desirable to accurately 
measure ROT. Indeed, the more accurate one can measure 

ROT, the more aggressive and robust the poWer-control and/ 
or data-rate control algorithms can be implemented and the 
higher the overall sector throughput capacity can be achieved. 

Referring to FIG. 4A, a receive path of a generaliZed radio 
node 50 includes a radio control and modem component 52 
and a radio receiver component 54. The radio receiver com 
ponent 54 includes a loW-loss RF sWitch 56 that alternatively 
connects an antenna 58 and matched load 60 to the remainder 
of the receiver. The load 60 is selected to have an impedance 
equal to that of the antenna 58, and thus is labeled as a 
matched load. In addition to the RF sWitch 56, the receiver 
includes ampli?ers 62, a frequency doWnconverter 64, ana 
log-to-digital conversion circuitry 66, and ?lters 68 that col 
lectively produce a lump gain of G. In some implementations, 
the radio receiver also includes automatic gain control (AGC) 
circuitry 70 Which dynamically adjusts the gain of the 
received signal so as to output a signal having a constant 
strength. Thus, a radio receiver that includes AGC circuitry 
Will have a variable gain in its receive path. 

The radio control and modem component 52 includes ROT 
measurement logic 72 that controls operation of the RF 
sWitch via a sWitch control 74. In some implementations, the 
ROT measurement logic also includes circuitry 76 to enable 
and disable the AGC circuit. 

The ROT measurement logic 52 controls the RF sWitch 56 
to connect the antenna 58 to the remainder of the receiver to 
receive signals transmitted by ATs in the sector. The total 
signal poWer presented to the radio controller and modem 
component is the thermal noise of the receiver plus the total 
signal poWer received from the ATs in the sector plus the total 
signal poWer received from interference sources, all multi 
plied by the gain of the receiver. This can be represented by 
the folloWing equation: 
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6 
Where Poutl (t) is the total signal poWer received at the modem 
over time When RF sWitch is connected to the antenna, S(t) is 
the total signal poWer received over time from all mobile 
station users received at the antenna, I is the total poWer 
received over time from interference sources received at the 
antenna, N(t) is the thermal noise over time of the radio 
receiver component, and G is the gain of the receive path. 
Note that if the receiver includes AGC circuitry, e. g., AGC 70 
shoWn in FIG. 4A, then the gain G Will be a time-varying 
function. 

While the RF sWitch is coupled to the antenna, the ROT 
measurement logic records samples of Poutl over a particular 
time period. For example, as shoWn in FIG. 4B, the RF sWitch 
is coupled to the antenna from time t0 until time t1, When it is 
connected to the matched load. The ROT measurement logic 
samples Pout during time period T1 and, from these samples, 
determines an average total poWer received over T1, Which 
may be designated as Pomliave. The sample period T1 may 
the entire time When the RF sWitch is connected to the antenna 
or some fraction of the time When the antenna is connected, 
such as illustrated in FIG. 4B. 
The ROT measurement logic 72 periodically sWitches the 

RF sWitch 56 to the matched load 60. The total signal poWer 
presented to the radio controller and modem component is the 
thermal noise poWer of the radio receiver component multi 
plied by the gain of the receiver, or: 

POMQUFNUVG 

Where Pout2 (t) is the total signal poWer received at the modem 
over time When RF sWitch is connected to the matched load, 
N(t) is the thermal noise over time of the radio receiver 
component, and G is the gain of the receive path. Again, if the 
receiver includes AGC circuitry, then the gain G Will vary 
With time. 
When the RF sWitch is coupled to the matched load, the 

ROT measurement logic records samples of Pom. For 
example, as shoWn in FIG. 4B, the RF sWitch is coupled to the 
matched load from t1 through t2. During some portion of this 
time, T2, the ROT measurement logic samples Pout, and from 
these samples, determines an average total poWer received at 
the modem received over a time period T2 While matched load 
is connected, or Poutziave. The sampling period, T2, may be 
the entire duration of When the sWitch is coupled to the load or 
some fraction of it, such as What is illustrated in FIG. 4B. 
As described above, the rise over thermal noise of a radio 

receiver (ROT) can be represented as ROT(t):[S(t)+I(t)+ 
N(t)]/ N(t). If the average gain of the receive path remains 
approximately constant for both sampling periods (e. g., 
period T1 and T2 shoWn in FIG. 4B), then ROT can be 
approximated by the folloWing equation: 

Where T is the time period spanned by T1 and T2 as shoWn in 
FIG. 4B. 
The modem and radio controller component then use this 

ROT value to control transmission poWer and/or data rates. 
The ROT measurement logic preferably continually mea 
sures the ROT value, Which alloWs the modem and radio 
controller component to implement an aggressive poWer 
management scheme that keeps the ATs at or near the ROT 
threshold, e.g., thresholdA shoWn in FIG. 3, of the sector. 
As mentioned above, using the ratio of Pomliave and 

Pomziave to approximate ROT is most accurate When the 
receiver gain canbe assumed to be constant. If a radio receiver 
includesAGC circuitry, theAGC circuit Will adjust the gain of 
the receiver path to keep Pom constant. When the RF sWitch is 
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coupled to the antenna, the AGC typically makes relatively 
small adjustments in the gain and averages Pom over a period 
of time While the sWitch is coupled to the antenna also to 
average out the receiver gain. HoWever, When the RF sWitch is 
coupled to the matched load, there is a sudden drop in Pout and 
an AGC circuit Will respond by signi?cantly adjusting the 
gain of the receive path. Similarly, When the RF sWitch is 
reconnected to the antenna, the AGC Will tend to cause Pout to 
overshoot because the AGC is in a high gain state When poWer 
from the ATs and interference sources are suddenly reintro 
duced. One technique to negate these effects of AGC circuitry 
When RF sWitch couples the matched load is to make the 
sWitching period small compared to the time constant of the 
AGC response (or alternately, make the AGC time response 
large compared to the sWitching period). Thus, the AGC is not 
able to adjust the gain of the receive path in time to effect the 
measurements collected during time T2, and the average gain 
implicit in Pomziave can be assumed to be approximately 
equal to the average gain implicit in Poutliave. 

In some implementations, the ROT measurement logic can 
be con?gured to cause the AGC circuitry to maintain a con 
stant gain during the time When the sWitch is coupled to the 
matched load. For example, the ROT control measurement 
logic can read and store the current gain of the AGC just prior 
to sWitching to the matched load, and then use the stored gain 
values When the sWitch is coupled to the matched load. If the 
AGC includes a digital ampli?er, the gain may be stored as a 
digital value in memory, and if the AGC includes an analog 
ampli?er, the gain can be stored as a voltage in a storage 
capacitor. The AGC circuitry is then disabled and the stored 
gain value(s) are used during the sampling period When the 
sWitch is coupled to the matched load (e.g., period T2 shoWn 
in FIG. 4B). Just after the sampling period, the stored AGC 
value(s) are Written back into the AGC control points, and 
normal AGC operation resumes. To ensure that an anomalous 
gain value is not used during the sWitching period, a radio 
node may be con?gured to sample and average several AGC 
gains prior to the sWitch coupling the matched load. 
As mentioned above, real-World radio nodes often employ 

multiple identical receive paths that are physically separated 
by a certain distance to reduce the effects of multipath fading 
of signals sent from an AT to the radio node. In such a case, 
each receive path for a sector may be adapted to have a similar 
con?guration as What is shoWn in FIG. 4A. Moreover, a radio 
node having multiple identical receive paths can use an inde 
pendently-controlled RF sWitch in each of the multiple 
receive paths, Which alloWs the radio node to measure ROT in 
a Way that diminishes the negative effect on sector throughput 
caused by decoupling a receive path from its antenna. For 
example, a radio node can control RF sWitches so that only 
one receive path is de-coupled from its antenna at any given 
time, alloWing other receive paths to receive AT tra?ic While 
Pomziave is being determined on the de-coupled receive path. 

Referring to FIG. 5, a detailed vieW of the components in a 
receive path (i.e., reverse link) of a CDMA radio receiver 80 
for a sector are shoWn. In the illustrated example, the receiver 
80 includes a main receive path 82 and a diversity receive path 
receive path 83. Both the main and diversity receive path 
includes an RF sWitch 84a, 84b that selectively couples an 
antenna 86a, 86b or a matched RF load 88a, 88b to the 
remainder of the receiver. In addition, each receive path 
includes doWn frequency conversion circuitry 90a, 90b, ?l 
ters 92a-92j, ampli?ers 94a-94f and analog automatic gain 
control circuitry 96a, 96b. The analog portion of each receive 
path includes a lump ?xed gain component, G?xed, and a 
variable gain component, G due to the analog gain 
control circuitry 96a, 96b. 
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8 
The main and diversity receive paths input to a multi 

channel digital receiver 98, Which includes, for each channel, 
an analog-to-digital converter 102a, 102b, digital frequency 
doWn-converter 104a, 104b and an digital automatic gain 
control circuit 106a, 106b. The digital receiver 98 receives the 
analog input from the main and diversity channels and con 
verts the analog received signals to a digital signal using the 
A/D converters 102a, 102b. The digital signal from the main 
and diversity channels are then fed into the digital frequency 
doWn-converters 104a, 104b that produce an in-phase (I(t)) 
and quadrature (Q(t)) voltage signal for each channel. The 
in-phase and quadrature voltage signals are then fed into the 
digital AGC circuits 106a, 106b, Which adjusts the gain, 
Gvaridigiml, applied to the signals to output in-phase and 
quadrature signals that have a relatively constant poWer. Pout 
(t) is proportional to the sum of the in-phase and quadrature 
signals, I(t) and Q(t), as folloWs: 

Where R is the characteristic impedance for a receive path, 
typically 50 ohms. 
The analog and digital AGC circuits 96a, 96b, 106a, 106b 

each output a Receive Signal Strength Indicator (RSSI) sig 
nal, Which indicates the signal strength of the signal received 
at the input signal of the AGC. The AGC circuits are con?g 
ured to adjust the gain proportional to the inverse of RSSI, or: 

G (UIKWIOS/RSSI analog (1); and varJnalog 

Where RSSIanaZ0g(t) is a time-varying RSSI signal of an 
analog AGC in the receive path, Kwmlog is a predetermined 
circuit-speci?c constant that relates gain to RSSI for the ana 
log AGC, RSSIdigimZQ) is a time-varying RSSI signal of a 
digital AGC in the receive path, and K digi- m I is a predetermined 
circuit-speci?c constant that relates gain to RSSI for the digi 
tal AGC. 
The radio controller interface 100 receives the RSSI 

signal for each of the AGC circuits, i.e., RSSlanalogimain, 
Rssldigitalimain? Rsslanalogidiversityi Rssldigitalidiversity' The 
radio controller interface 100 outputs four signals, MainAna 
log AGC Hold, Main Digital AGC Hold, Diversity Analog 
AGC Hold, and Diversity Digital AGC Hold, to hold the gain 
of each of the AGC circuits constant as Well as tWo sWitch 
control signals to control the RF sWitch 84a, 84b in each 
receive path. The radio controller is con?gured to indepen 
dently control RF sWitches 84a and 84b as Well as the AGC 
hold signals. This permits a radio controller to measure ROT 
on one receive path (e.g., the main receive path) While the 
other receive path (e. g., the diversity receive path) receives AT 
traf?c as normal. By independently controlling the receive 
paths so that only one receive path is connected to the 
matched load at any given time, a radio controller can reduce 
negative effects on the receive uplink signal performance 
during the ROT measurement. 

In some implementations, a radio controller (not shoWn) 
can be con?gured to measure ROT by taking the ratio of Pol” 
(i.e., [I2(t)+Q2(t)]/2R) measured When the sWitch is coupled 
to the antenna versus Pom measured When the sWitch is 
coupled to the matched load. To ensure an accurate ROT 
measurement, the radio controller preferably ensures that the 
gain of the AGCs in the measured receive path is maintained 
as approximately constant While the sWitch is coupled to the 
matched load. A radio controller may be con?gured to main 
tain constant gain by limiting the time during Which the 
sWitch is coupled to the load to less than the response time of 
either AGC circuit. Thus a digital AGC circuit has a response 
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time of '51 and an analogAGC circuit in the same receive path 
has a response time of '52 Where "c1<'c2, a radio controller may 
be con?gured to control the RF sWitch such that the time 
When the sWitch is coupled to the load ('53) is less than '51 (e. g., 
"c3<<"c1). 
A radio controller may also be con?gured to maintain 

constant gain by sending to the AGCs in the receive path on 
Which ROT is being measured a signal that causes the AGC to 
maintain a constant gain While the sWitch is coupled to the 
matched load. 

For example, as shoWn in FIG. 6A, an analog automatic 
gain control (AGC) circuit 110 passes an input signal through 
a variable gain ampli?er 112 and ?lter 114. The AGC 110 
includes a feedback loop having an RF detector diode 117, 
AGC error ampli?er 118, and a hold sWitch 116. A capacitor, 
Which functions as an AGC loop ?lter 120, is connected 
betWeen the feedback loop and ground. When the AGC 
sWitch is closed (i.e., able to conduct channel current), the 
output of the RF detector diode is compared With a set point 
voltage at the input of the AGC error ampli?er. The AGC error 
ampli?er measures the difference betWeen the gain set point 
and the RF detector diode voltage and produces an error 
voltage. The error voltage is fed back to the variable gain 
ampli?er 112, Which adjusts the gain to maintain a constant 
output voltage and poWer. The voltage across the loop ?lter 
capacitor 120 tracks the error voltage output from the AGC 
error ampli?er. When the AGC sWitch is opened (i.e., not able 
to conduct channel current), the feedback loop is disabled and 
the control voltage to the variable gain ampli?er is held con 
stant to the value stored on the loop ?lter capacitor 120, 
causing the gain of the variable gain ampli?er to remain 
constant. 

Similarly, as shoWn in FIG. 6B, a digital automatic gain 
control (AGC) circuit 130 includes a digital multiplier 132 
that multiples an incoming digital signal (i.e., I(t)+Q(t)) With 
the output of a feedback loop. The feedback loop continually 
computes the difference betWeen RSSI(t) and a predeter 
mined gain set point. The resulting difference is stored in a 
digital ?lter register and the inverse log of the stored ?lter 
value is multiplied With the incoming digital signal to main 
tain the poWer of the incoming digital signal at a constant 
level. The digital ?lter register receives a hold bit 134 (e.g., 
from a radio controller) that locks the stored value in the 
register and prevents neW values from overWriting the stored 
value. This keeps the gain of the digital AGC circuit 130 
constant, for example, during a period When the RF sWitch 
84a (shoWn in FIG. 5) is coupled to the matched load. The 
hold bit 134 may be cleared, alloWing the digital ?lter register 
to be overWritten With neW gain values. 

In some implementations, a radio controller measures gain 
as part of estimating ROT. For example, a radio controller 
may measure the variable gain of the AGC circuits in a receive 
path to determine a ratio of PM (i.e., poWer received at the RF 
sWitch) When the sWitch is coupled to the antenna versus PM 
When the sWitch is coupled to the matched load. Pin may be 
determined by dividing Pout by the gain of the receive path, 
or: 

Where G?x is the ?xed gain of a receive path, GWWJMZOg 
variable gain due to an analog AGC, and Gvaridigiml is vari 
able gain due to a digital AGC. As described above, Pout can 
be determined from the equation Pout(t):[I2(t)+Q2(t)]/2R, 
Where R is the impedance for the receive path. The ?xed gain, 
G?x, is a ?xed quantity that is predetermined, and the variable 
gain components, GWWJMZOg and Gvaridigiml, are equal 
to the inverse of the RSSI signal output by the respective 

Circuits (i'e'i GvarianaZ0g:KanaZ0 RSSIGVIGZOg! 
GvaLdigimFKdigimZ/RSSldigiml). Rather than measuring 
poWer, e.g., Pin, in Watts, it 1s often more practical to measure 
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10 
poWer in decibel-Watts (dBW). In this case, a radio receiver 
can measure Pin using either of the folloWing equations: 

A radio controller may take several measurements of l Olog 
[Pout(t)], l0log[GanaZ0g(t)], and l0log[GdigimZ(t)] When the 
sWitch is coupled to the antenna to obtain an average value for 
l0log[Pin l(T1)], Where T1 is the sampling period. Similarly, 
the controTller may take several measurements of l0log[P0ut 
(t)], l0log[GanaZ0g(t)], and l0log[GdigimZ(t)] When the sWitch 
is coupled to the matched load to obtain an average value for 
l0log[Pin 2(T2)], Where T2 is the sampling period. ROT may 
be estimated by taking the ratio of the tWo Pin measurements, 
or l0log[ROT(T1+T2)] (in dBW):l 0log[PiLl (Ti)] — l Olog 
[Pl-LAUN 
A current draft revision to the lxEV-DO standard proposes 

mechanisms Whereby a radio node can instruct all ATs in a 
sector to synchronously enter a “quiet” period, in Which the 
ATs in the sector cease transmission for a certain period of 
time. During this quiet period, the radio node can measure the 
total poWer output by the radio receiver, i.e., Pout, during the 
quiet period to determine baseline thermal noise of the 
receiver. A ROT estimate may then be obtained by measuring 
Pom during a non-quiet period When the ATs in the sector are 
transmitting data. Because ATs may be distributed over a 
large geographic area in a sector, the quiet period needs to be 
long enough to ensure that a signal transmitted by anAT at the 
edge of the sector is received at the RN receiver before the RN 
receiver begins to measure thermal noise. Since the ATs cease 
all data tra?ic during the quiet period, overall sector through 
put capacity is reduced. 

Using an RF sWitch and matched load to estimate ROT, 
such as shoWn in FIGS. 4A and 5, eliminates the need forATs 
in a sector to stop transmission. While the radio node does not 
receive any data from the ATs When the RF sWitch is coupled 
to the matched load, the sWitched period may be made shorter 
than a required quiet period, and, as a result, achieve better 
overall sector throughput. 

Note that during a quiet period, the radio receiver still 
receives RF energy from interference sources, such as ATs in 
adjacent sectors, ATs associated With another netWork, 
microWave ovens, etc. Thus, an RF sWitch and matched load 
can be used in conjunction With a quiet period to isolate the 
receiver from RF energy transmitted from interference 
sources. For example, an RF sWitch may be controlled to 
couple a matched load during all or some fraction of the quiet 
period. The radio node controller may then sample Pout While 
the sWitch is coupled to the load to obtain an average value for 
the baseline thermal noise component of the receiver. Addi 
tionally, a radio controller may sample Pout during the quiet 
period When the sWitch is coupled to the matched load as Well 
as When the sWitch is coupled to the antenna to isolate an 
average value of I and S in the ROT equation, ROT(t):[S(t)+ 
I(t)+N(t)]/N (t). In particular lave and Save can be determined 
by the folloWing set of equations: 

ave out24ave_ outBJve’ 
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Where Pomliave is an average value of Pol” during a non-quiet 
period With the RF switch coupled to the antenna, Poutziave is 
an average value of Pout during a quiet period With the sWitch 
coupled to the antenna, and POMBJVE is an average value of 
Pol” during a quiet period With the sWitch coupled to the 
matched load. 
A number of embodiments of the invention have been 

described. Nevertheless, it Will be understood that various 
modi?cations may be made Without departing from the spirit 
and scope of the invention, and, accordingly, other embodi 
ments are Within the scope of the folloWing claims. 

The invention claimed is: 
1. A method comprising: 
determining a ?rst measurement of a ?rst signal poWer in a 

radio receiver con?gured to receive data tra?ic in a sec 
tor of a radio access netWork When the radio receiver is 
receiving energy from an antenna that is receiving the 
data traf?c; 

determining a second measurement of a second signal 
poWer in the radio receiver When the radio receiver is not 
receiving energy from the antenna; 

determining a load in the sector based on comparing the 
?rst and second measurements, and 

dynamically adjusting a gain of the radio receiver using 
variable gain circuitry, the ?rst radio receiver compris 
ing the variable gain circuitry. 

2. The method of claim 1 Wherein determining the ?rst 
measurement of the ?rst signal poWer comprises: 

determining a ?rst measurement of an output signal poWer, 
the output signal poWer being output by the radio 
receiver. 

3. The method of claim 1 Wherein determining the ?rst 
measurement of the ?rst signal poWer comprises: 

determining a ?rst measurement of an input signal poWer at 
an input of the radio receiver. 

4. The method of claim 3, further comprising: 
determining a ?rst measurement of an output signal poWer, 

the output signal poWer being output by the radio 
receiver; 

determining a ?rst measurement of the gain of the radio 
receiver; and 

Wherein determining the ?rst measurement of the input signal 
poWer at the input of the radio receiver comprises: 

deriving the ?rst measurement of the input signal poWer 
from the ?rst measurement of the output signal poWer 
and the ?rst measurement of the gain of the radio 
receiver. 

5. The method of claim 1 Wherein determining the ?rst 
measurement of the ?rst signal poWer comprises: 

obtaining an average signal poWer over a time period T1 
When the radio receiver is receiving energy from the 
antenna. 

6. The method of claim 5 Wherein determining the second 
measurement of the second signal poWer comprises: 

obtaining a second average signal poWer over a time period 
T2 When the radio receiver is not receiving energy from 
the antenna. 

7. The method of claim 1 Wherein determining the load 
comprises: 

determining the load based on a ratio of the ?rst measure 
ment to the second measurement. 

8. The method of claim 1 further comprising: 
decoupling the antenna from the radio receiver using a 

sWitch. 
9. The method of claim 8 further comprising: 
using the sWitch to couple a resistive load having an imped 

ance equivalent to that of the antenna. 
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10. The method of claim 9 Wherein determination of the 

second measurement occurs When the sWitch is coupled to the 
resistive load. 

11. The method of claim 8 further comprising: 
controlling the sWitch to keep a time period during Which 

the antenna is de-coupled from the radio receiver at less 
than a response time of the variable gain circuitry. 

12. The method of claim 1 further comprising: 
controlling transmission of data by access terminals in the 

sector based on the load. 
13. The method of claim 12 Wherein controlling transmis 

sion of the data comprises: 
controlling a rate at Which the data are transmitted by the 

access terminals in the sector. 
14. The method of claim 1 Wherein the radio access net 

Work is a code division multiple access netWork. 
15. The method of claim 1 Wherein the radio access net 

Work is a ?rst evolution data-only netWork. 
16. The method of claim 1 further comprising: 
causing access terminals Within the sector to cease trans 

mission for a time period. 
17. The method of claim 16 Wherein determining the sec 

ond measurement of signal poWer occurs When the radio 
receiver is not receiving energy from the antenna and When 
the access terminals Within the sector have ceased transmis 
sion. 

18. The method of claim 17 further comprising: 
determining a third measurement of a third signal poWer in 

the radio receiver When the radio receiver is receiving 
energy from the antenna and When the access terminals 
Within the sector have ceased transmission. 

19. The method of claim 18 further comprising: 
determining a level of interference Within the sector based 

on at least the second and third measurements. 
20. The method of claim 18 further comprising: 
determining a level of signal poWer received from access 

terminals in the sector based on at least the ?rst and third 
measurements. 

21. The method of claim 1 further comprising: 
attempting to maintain the gain of the receiver at a constant 

level during a time When the second measurement is 
determined. 

22. The method of claim 21 Wherein determination of the 
second measurement occurs over a time period that is less 
than a response time of the variable gain circuitry. 

23. A method of monitoring a load in a sector of a radio 
access netWork, the radio access netWork comprising a radio 
node, the radio node comprising multiple receivers and cor 
responding respective multiple antennas con?gured to 
receive data tra?ic in the sector, the method comprising: 

de-coupling a ?rst receiver of the multiple receivers from a 
?rst antenna of the corresponding respective multiple 
antennas; 

maintaining at least one other receiver of the multiple 
receivers coupled to at least one other corresponding 
respective antenna of the corresponding respective mul 
tiple antennas While the ?rst receiver is de-coupled from 
the ?rst antenna; 

determining a ?rst measurement of a ?rst signal poWer in 
the ?rst receiver When the ?rst receiver is de-coupled 
from the ?rst antenna; and 

determining a second measurement of a second signal 
poWer in a receiver of the multiple receivers When the 
receiver is coupled to its corresponding respective 
antenna; and 

determining the load in the sector based on comparing the 
?rst and second measurements. 

24. The method of claim 23 Wherein maintaining the at 
least one other receiver coupled to the at least one other 
corresponding respective antenna comprises: 
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ensuring that only one receiver of the multiple receivers is 28. The method of claim 23 Wherein determining the mea 
de-coupled from its corresponding respective antenna at surement of the ?rst signal poWer comprises: 
any one time. obtaining an average signal poWer over a time period When 

25. The method of claim 23 Wherein the ?rst receiver the ?rst receiver is de-coupled from the ?rst antenna. 
comprises the receiver for Which the measurement of the 5 29. The method of claim 23 Wherein determining the mea 
second signal poWer is determined and Wherein its corre- surement of the ?rst signal poWer comprises: 
sponding respective antenna comprises the ?rst antenna. determining a measurement of an output signal poWer, the 

26. The method of claim 23 Wherein de-coupling the ?rst output signal poWer being output by the ?rst receiver. 
receiver comprises: 30. The method of claim 23 Wherein determining the mea 

controlling a sWitch to de-couple the ?rst receiver from the 10 surement of the ?rst signal poWer comprises: 
?rst antenna and to couple the ?rst receiver to a load determining a measurement of an input signal poWer at an 
having an impedance equivalent to that of the ?rst input of the ?rst receiver. 
antenna. 31. The method of claim 23 further comprising: 

27. The method of claim 26 further comprising: dynamically adjusting a gain of the ?rst receiver using 
dynamically adjusting a gain of the ?rst receiver using variable gain circuitry, the ?rst receiver comprising the 

variable gain circuitry, the ?rst receiver comprising the 15 variable gain circuitry; and 
variable gain circuitry; and attempting to maintain the gain of the receiver at a constant 

Wherein de-coupling the ?rst receiver further comprises: level during a time When the measurement of the ?rst 
controlling the sWitch to keep a time period during Which signal poWer is determined. 

the ?rst antenna is de-coupled from the ?rst receiver at 
less than a response time of the variable gain circuitry. * * * * * 


